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Introduction
Currently the development of new drug delivery systems has intensified, including transdermal drug delivery systems (TDDS) due to the fact that a drug rarely can reach a specific target in the body in adequate concentrations to cause the expected therapeutic effect when it is managed in aqueous solution, or in a conventional form, besides physical and chemical instability, among others problems [1, 2] .
TDDS shows many advantages in drug delivery, as it avoids hepatic first pass metabolism, potentially decrease side effects, improve patient compliance, minimize the incidence of systemic events [3] . TDDS have been designed as an alternative route for systemic drug delivery [4] .
TDDS is a good alternative in order to minimize the incidence of systemic events related to anti-inflammatory drugs (NSAIDs) as ketoprofen [5] . The ketoprofen was synthesized by RhBne-Poulenc Research Laboratories, Paris, in 1967, it belongs to a group of substituted 2-phenylpropionic acids, its molecular weight is 254.29 and presents the structural formula (2-(3-benzolpheny1)-propionic acid), see Fig. 1 [6] .
The ketoprofen is extensively used as analgesic in chronic pain conditions, displayed potent activity against acute inflammation, subacute inflammation, for the acute and long-term treatment of various inflammatory pathologies, as rheumatoid arthritis and colonic adenocarcinoma [7] . Ketoprofen showed in carrageenin-induced abscesses in rat to be 20 times more potent than ibuprofen, 80 times more potent than phenylbutazone, and 160 times more potent than aspirin in reducing inflammation. Ketoprofen is one of the most powerful inhibitors of cyclo-oxygenase at concentrations well within the range of therapeutic plasma levels. Moreover, may attenuate cell-mediated inflammation and thus retard the progression of tissue destruction in inflamed joints [8, 9] .
Despite ketoprofen effectiveness in various treatments, it presents toxic effects in the gastrointestinal (hemorrhage, nausea, dyspepsia, epigastric discomfort, diarrhea, constipation and flatulence) and renal systems as well as in the liver [10] . In order to minimize the incidence of systemic events related to ketoprofen, the TDDS development has been most important. Recently, biopolymers have been used in the fabrication of transdermal membranes due to their excellent biocompatibility [11] . Particularly, Natural Rubber Latex (NRL) is an excellent candidate in order to produce TDDS, besides biocompatibility and bioactivity (high angiogenic potential), it presents flexibility, mechanical stability, surface porosity and permeability, are cheap and abundant materials [12, 13] .
NRL is a product extracted from rubber trees. The most common source of NRL is Hevea brasiliensis, NRL is a mixing colloidal rubber particles stabilized by a thin layer of phospholipids and proteins (Fig. 2) , containing about 40-45% weight of rubber (poly(cis-1,4-isoprene)), 4-5% weight of non-rubber constituents such as proteins, lipids, carbohydrates and sugar, and 50% of water [14, 15] . Membranes produces with NRL demonstrated success in many applications as an occlusive mechanical barrier favouring osteogenesis, as a source of gradual release of substances with osteogenic potentials, excellent results in skin replacement, promoting healing in burned areas, and angiogenesis [16] .
Using the critical size defect model in rabbits, NRL showed to be effective in the bone repair process, and proved superior to PTFE membranes, presenting numerous advantages [18] .
The potential of NRL membranes used as TDDS has been demonstrated. Barros et al. [19] revealed the effectiveness of NRL membrane as a model in the release of peptides with pharmacological interest in a study using oxytocin. Similar result were obtained using NRL membranes containing Diclofenac as a model system for transdermal patches [20, . In other study, deproteinized NRL (DNRL) was used to prepare Nicotine (NCT) transdermal patches in combination with PVA and HPMC blends [22, 23] . NRL films loaded with Gentamicin sulfate (GS) was demonstrated to have potential use as medicated wound dressing due to the good antimicrobial activity against Staphylococcus aureus and Pseudomonas. aeruginosa [24] .
In this study, we developed a novel TDDS using ketoprofen loaded NRL membranes. Results showed that 23.94 mg (60%) of the incorporated drug in NRL membrane was released after 50 h in solution. Hemolysis assay using the materials (NRL, ketoprofen and NRL-ketoprofen) showed no hemolytic effects (compounds and mixtures). Furthermore, Scanning Electron Microscopy (SEM), Fourier Transform Infrared (FTIR) and mechanical tests showed that the membrane is adequate for biomedical applications.
Experimental Section Materials
The NRL used in this study was commercial high-ammonia from BDF Rubber Latex Co. Ltd. (producer and distributor of concentrated NRL, Guarantã, Brazil) of about 60% dry rubber content, 4-5% weight of non-rubber constituents such as proteins, lipids, carbohydrates, and 35% of water. This NRL was obtained mixing two clones: RRIM 600 and PB 235 (Lot: 01703/13). After extraction, ammonia was used to keep the NRL liquid (pH 10.20) . The NRL protein content reduction was performed by centrifugation at 8000×g. The centrifugation method used does not eliminate all proteins present in NRL, only high molecular weight proteins responsible for allergic and cytotoxic reactions obtaining the Natural Rubber Latex Biomedical [25] . The cream fraction after centrifugation was redispersed to make the desired 60% of dry rubber content latex and then washed twice by centrifugation to reduce the protein content on the solution. Ketoprofen (C 16 H 14 O 3 ) was obtained in gel capsules, without excipients. Each of them contained 100 mg of drug in powder form. The capsules were purchased from Callithea Pharmaceutics Ltd., Brazil. The drug has been dissolved with ethanol, and adjustment to 90% aqueous solution to avoid NRL coagulation, at 25 °C (room temperature).
Membrane Production
The drug was incorporated by mixing 6 mL of NRL with 4 mL of ketoprofen solution (10 mg mL − 1 ). These membranes were prepared by pouring the NRL + ketoprofen solution in a stainless steel plate with 5.00 ± 0.05 cm diameter and 1.00 ± 0.01 mm thick. Typically, the membranes were left for 2 days to guarantee full polymerization before use.
Ketoprofen Delivery System
To evaluate the ketoprofen release, NRL membranes were placed in 1600 mL of phosphate buffered saline (PBS) solution (pH 7.4), from which aliquots were collected during an interval ranging from 0 to 250 h. The drug released into the solution was monitored by measuring the UV-Vis spectra with a BEL ENGINEERING SF200 ADV spectrophotometer, as ketoprofen has a maximum absorption at 259 nm. The experiments were carried out in triplicate.
Scanning Electron Microscopy (SEM)
Membranes surfaces were examined at ×300 and ×1500 magnification using High-Resolution Scanning Electron Microscope (FEG-SEM; JEOL model 7500F) with 2 kV, take-off angle of 35° and gold as conductor material. Three aleatory areas were analyzed to perform the analysis. 
Fourier Transform Infrared (FTIR)
The FTIR spectra of pure NRL, ketoprofen powder and NRL-ketoprofen were used to identify functional groups (amines, amides, aromatic rings, alcohol, phenols, between others), besides providing the study by possible interactions between NRL and drug. The samples were measured directly by Attenuated Total Reflection (ATR) method using a TEN-SOR 27 (Bruker, Germany) (4000-400 cm − 1 ) source: HeNe laser; detector: DLaTGS with a resolution of 4 cm − 1 and 32 scans.
Mechanical Tests
Tensile tests on the specimens were carried out on a DL-2000(EMIC) testing machine, with a 50kgf load cell at a speed of 500 mm min − 1 (according to ASTM D412) and elongated until failure. The values were converted to stress-strain curves and the Young's modulus was calculated from the initial linear part (0-5% elongation).
Hemolytic Activity
The hemolytic activity of the ketoprofen solution, pure NRL membrane, and ketoprofen loaded in NRL was investigated according to Onuma et al. [26] . Sheep blood (5% defibrinated) from NewProv Bioscience, lot: 16324M, Brazil was centrifuged at 3000×g for 10 min. The materials were washed four times with PBS (pH 7.4) by centrifugation at 3000×g for 5 min and suspended in the same buffer. The samples were extracted according to ISO 10993-12:2006, the extractions were performed in PBS (pH 7.4) at 37 °C for 24 h and the extraction ratio was 200 mg mL − 1 . Serial dilutions of samples were used to determine the percentage of hemolysis ( Table 1 ). The final volume in each well was 200 μL. Then 200 μL of 1% (v/v) suspension of erythrocyte (EA) was added to each well. The wells containing complement-free buffer were used as standard with a zero degree of hemolysis (0%); to attain 100% hemolysis, and 200 μL of Triton X-100 1% (v/v) was used instead of the buffer. The plate was incubated at 37 °C for 1 h in a Shaker Incubator (Quimis, Brazil) and then the absorbance at 540 nm was determined in each well in an Epoch Microplate Spectrophotometer (BioTek, USA). Less than 5% hemolysis was regarded as nontoxic effect level in our experiments.
The percent hemolysis was calculated using the formula 100 × (A sample − A blank )/(A Triton − A blank ). Figure 3 shows the absorbance intensity as a function of ketoprofen concentration in solution. Each drug concentration was made in triplicate, where the estimated error was minor as 5%. The calibration curve shows a Lambert-Beers Law behaviour. Figure 4 shows the ketoprofen release as a function of time. The large bolus of drug released before stability is called "burst release" (0-24 h) due to the drug close or adsorbed on the surface of the NRL membrane [27, 28] .
Results and Discussion
The slower release process, also called "stable profile" (24-50 h), is associated with the ketoprofen diffusing slowly through the matrix (inner portion of the polymeric matrix). The ketoprofen release depends mainly on the amount of encapsulated material (as a reservoir). Recent studies have shown that 59.08% of ciprofloxacin was released by the NRL membranes [29] , while 68.40% of Bovine Serum Albumin (BSA) [1] and 45% of oxytocin peptide was released by the same polymer [19] .
The experimental data were fitted using a bi-exponential function, the characteristic times were found to be 13 and 1 h. The total amount of drug released by the membranes in 1600 mL aqueous solution was 23.94 mg (60%).
Aravindaram et al. [30] formulated a biopolymer based transdermal film loaded with ketoprofen. Diffusion studies showed that 91.28% of ketoprofen was release by the material up to 8 h. Al-Nasi et al. [31] developed ketoprofen microspheres fabricated from biodegradable polymers (polylactic acid and polylactic-co-glycolic acid). The release profile of ketoprofen from the different formulations was pH dependent (100% at pH 7.4 and 35% at pH 1.2) up to 24 h. Rajesh et al. [4] developed transdermal films loaded with ketoprofen using sodium alginate and xanthan gum. The polymeric blend released 78.8-92.8% of drug up to 8 h. Tous et al. [32] entrapped the ketoprofen into calcium alginate beads. The results showed that 10-15% of the drug was released after 4 h in pH 1, while 80-90% of ketoprofen was release in pH 7.4 at 8 h. Anh et al. [33] incorporated the ketoprofen into eudragit RS polymeric nanoparticles. The authors observed the released percentage of ketoprofen was 62.5% after 4 h in PBS pH 7.4. SEM analysis was performed to evaluate changes in the surface of NRL membranes with drug addition. Figure 5 shows the SEM images obtained from pure NRL membrane, ketoprofen powder, and NRL-ketoprofen membrane. Note that a reasonable amount of drug is found on the membranes surfaces forming solid aggregates (Fig. 5c ). This ketoprofen moiety on the surface is responsible for the fast release during the first hours, according to Barros et al. [25] , Borges et al. [34] and Aielo et al. [21] . Figure 6 (blue line) shows that the NRL membrane is composed of the polymer poly(cis-1,4-isoprene) (837 cm − 1 ). This absorption is the most important to identify NRL and it is character of R 2 C = CHR (cis-1,4) function in according with Herculano et al. [35] and Floriano et al. [12] . The band around 3040 cm − 1 is assigned to =CH stretching of between 2963 and 2845 cm − 1 , to CH 3 and CH 2 stretching Ketoprofen FTIR spectrum (Fig. 6-black line) showed the characteristic absorptions at 1695 and 1655 cm − 1 corresponding to acid carbonyl (C=O) group and ketonic carbonyl (C=O) group, at 1595 cm − 1 due to presence of aromatic C=C stretch, at 1442 cm − 1 due to presence of CH-CH 3 deformation. Finally, the peaks at 716 and 966 cm − 1 are due to presence of C-H out of plane deformation.
Additionally, the ketoprofen loaded NRL membrane FTIR spectrum (Fig. 6-red line) showed that there are no significant changes in the NRL absorption peaks position after ketoprofen incorporation. The ketoprofen peaks intensities, when incorporated into the membrane decreased because the drug molecules are embedded in polymeric matrix. The characteristic bands observed to NRL were preserved, proving no significant interaction between the drug and the membrane with good compatibility.
The tensile test was performed to evaluate the influence of ketoprofen addition on the NRL membranes mechanical behavior. Figure 7 shows that both NRLs present elastomeric behavior, with high elongation and a low Young's modulus.
The new material became stiffer and brittle, with a smaller plastic deformation (less ductile). Table 2 resumes the results of the tensile mechanical test.
The addition of drug reduced 1.25 times the elongation at break, while the tensile strength value is maintained. The incorporation of ketoprofen leads to the increase of hydrogen bonding, acting as reinforcement or creating cross-linking which resulted in loss of elasticity. In addition, the Young's modulus of the membranes were similar. These results are in agreement with Murbach et al. [30] , that found that the addition of the ciprofloxacin to NRL, turned it stiffer and brittle, with smaller plastic deformation. In addition, our results are similar to Floriano et al. [18] , who evaluated the mechanical behavior of NRL membranes. In this study, the Young's modulus and tensile strength of Hevea brasiliensis (IAN 873) were 0.63 and 0.68 MPa, respectively. Moreover, we observed that all samples presented good reproducibility, indicating homogeneity.
The interactions between NRL, ketoprofen and NRLketoprofen was also studied by hemolysis experiments. The hemolysis assay was performed to evaluate the cytolytic activity of the materials used. The release of hemoglobin was used to quantify the membrane-damaging properties. Our results show that NRL and NRL-ketoprofen extracts have no hemolytic effects (Fig. 8) indicating no detectable disturbance of the red blood cell membranes, with hemolysis levels less than 5%. These results are similar to previous works in the literature, Borges et al. [36] used calcium phosphate (Ca/P), Barros et al. [19] used oxytocin peptide, and Barros et al. [25] No other group of researchers have so far conducted studies on the ketoprofen sustained release using natural rubber latex membranes as a solid support. Therefore, all the results obtained contribute to the science of biomaterials and drug delivery systems.
Some studies using a biopolymer based transdermal film loaded with Ketoprofen, demonstrated in in vitro and in vivo studies, that the developed film have great potential for transdermal drug delivery to achieve adequate therapeutic plasma concentration [30] . This effect can explaned because the patch facilitates ketoprofen delivery for a long period of time, thus the drug remains continually present in the tissue subjacent to the site of application [36] . Besides the total systemic bioavailability of ketoprofen administered via a patch is no more than 10% of that reported for ketoprofen administered orally. Making possible tissue concentrations high enough to exert a therapeutic effect and plasma concentrations remain low enough to not result in systemic adverse events caused by elevated serum NSAID levels. Due to this factors the treatment by ketoprofen patch demonstrated efficacy in the treatment of nonarticular rheumatisms [37] . The advantages of using NRL as a TDDS for ketoprofen include not only the reduction of adverse systemic events, but also the suitability of the low cost of the material together with its physicochemical properties, besides being a biocompatible material also presents biological activity to stimulate the angiogenesis, being able to be used in tissue repair.
Conclusion
This study demonstrated that ketoprofen was successfully incorporated into NRL membrane as model for TDDS. FTIR indicated that the drug did not interact chemically with the membrane. Moreover, the NRL membranes released 60% of the ketoprofen incorporated up to 50 h. SEM images indicated that a portion of drug was present on the surface of the polymeric matrix, where this portion is responsible for the burst release. The tensile tests showed that the addition of drug into NRL membrane had no influence on the mechanical behavior (tensile strength and Young modulus) of polymer. In addition, the ketoprofen, NRL membrane and drug-NRL membrane presented no cell damaging effects, where the hemolysys level was < 5%. In conclusion, the findings support the hypothesis that the ketoprofen loaded NRL membrane is a promising approach for sustained drug delivery which can be used to minimize the adverse side effects of high dose.
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